The production of 14C0, from glutamate and alanine studied in the newborn rat after injection of labeled precursors was intense and revealed an important catabolism from 130 nmollhr in a 0-hr neonate to 2000 nmollhr in 3-week-old rat. The degradative metabolism of leucine was low at birth (10 nmollhr), but increased up to 500 nmol/hr in 3-week-old rat. Phenylalanine was practically not metabolized into CO,, but its incorporation into protein was higher than leucine, alanine, and glutamate incorporation. Glucose is the major fuel utilized by newborn rat for its energy supply (300-560 nmollhr). However, the relative part of amino acids in energy production is important in the early neonate (0 and 1 hr after birth).
Summary
The production of 14C0, from glutamate and alanine studied in the newborn rat after injection of labeled precursors was intense and revealed an important catabolism from 130 nmollhr in a 0-hr neonate to 2000 nmollhr in 3-week-old rat. The degradative metabolism of leucine was low at birth (10 nmollhr), but increased up to 500 nmol/hr in 3-week-old rat. Phenylalanine was practically not metabolized into CO,, but its incorporation into protein was higher than leucine, alanine, and glutamate incorporation. Glucose is the major fuel utilized by newborn rat for its energy supply (300-560 nmollhr). However, the relative part of amino acids in energy production is important in the early neonate (0 and 1 hr after birth).
Speculation
In the early newborn rat, the important oxidative metabolism of amino acids (before phosphoenolpyruvate carboxykinase (PEPCK) biosynthesis and gluconeogenesis activation) indicates that they may be directly utilized for energy requirements. This amino acid oxidation could be considered as a transient energetic pathway in species showing a delayed development of PEPCK activity (e.g., the human neonate).
In the fetus, the energy supply is provided by the mother through the placental barrier. Amino acids and glucose are the two major nutrients which cross the rat placenta: freely for glucose (18) or by an active transport mechanism for amino acids (2) . Maternal glucose appears to be the major oxidative fuel for the fetus in utero (I), but it is also utilized during the last days of gestation for the constitution of endogenous stores: hepatic glycogen and triglycerides in brown adipose tissue. Amino acids are essentially used for macromolecule synthesis.
However, metabolic measurements in fetal lamb indicate that amino acids are also utilized for energy supply. The fetal urea production (a reflection of amino acid catabolism) and its excretion to the maternal circulation support this view (9).
In the first hours following birth, as during starvation, a transient hypoglycemia is observed; carbohydrate stores are then utilized for energy requirements whereas endogenous triglycerides assure thermogenesis in brown adipose tissue. An active gluconeogenesis from amino acids appears after some hours and maintains constant the plasma glucose concentration.
In the present study, the respective participations of amino acids in oxidative processes (directly or after conversion into carbohydrates) and in protein biosynthesis were investigated in vivo during the early postnatal period.
MATERIALS AND METHODS
Newborn rats (Sprague-Dawley strain) were obtained by cesarian section on the 21.5th day of gestation under light ether anesthesia. Metabolic measurements have been performed previously on control animals delivered without anesthesia; no significant differences in the 14C02 production were noted and the values were pooled. Labeled precursor (0.5 or 1 pCi) was injected intraperitoneally and the respiratory 14C0, was monitored for 1 hr starting immediately after injection. The relative concentrations of precursors were related to the plasma concentrations given for newborn rat in the literature. Tracer amounts of precursors were injected in a 50-p1 volume for newborn animals or 500 pl for 3-week-old rat:
After injection, animals were placed in a sealed dessicator (or flask) kept at 37' into which humidified air was flowed at constant pressure. CO, was collected in NaOH (10 N) and converted into BaCO, for radioassay with Unisolve as scintillator.
At the end of incubation, blood was collected, tissues were quickly excised, weighed, and homogenized in 5 % cold trichloroacetic acid. After centrifugation proteins were dissolved in 3 ml 88% formic acid to which 0.6 ml 30% hydrogen peroxide was added. The reaction was carried on 30 min under magnetic stirring (13) . Proteins were reprecipitated with trichloroacetic acid, added to Unisolve, and counted in a Packard scintillation spectrometer with quenching standardization.
RESULTS

AMINO ACID INCORPORATION INTO MACROMOLECULES PRECURSOR CATABOLISM TO CO,
Results are expressed as mean percentage of labeled precursors metabolized into CO, during the first hour following injection at different times after birth. During the first hour following birth (by cesarian section) glutamic acid and, to a smaller extent, alanine appeared to be the most utilized amino acids (Table 1) . Both leucine and phenylalanine were practically not metabolized into CO,. During the second hour of extrauterine life, a significant rise of amino acid catabolism was observed except for phenylalanine. This increase was about 2-fold for glutamate and alanine and 4-fold for leucine. Between the 12th and the 36th hr after birth, no significant differences were noted; therefore, the different values were pooled. The values observed at this stage were not different from those observed in the 1-hr-old animal, except for alanine which exhibited a n increased catabolism. In 3-week-old rats, amino acid oxidation slightly decreased except for leucine which showed a 2-fold activation of its conversion into CO,. Glucose exhibited the same evolution of its it1 vivo catabolism with an augmentation of the CO, conversion during the first hours of extrauterine life and an apparent reduction in 3-weekold rats.
TOTAL AMINO ACID CATABOLISM
When the conversion rate is related to the precursor pool size, the calculated value represents the amount of each substrate metabolized into CO, (expressed as nanomoles per hr). This value is dependent on the pool size (varying with age) but also on the percentage of conversion for each precursor. No difference occurred during the first 2 hr of extrauterine life for glucose, alanine and leucine, whereas glutamate metabolism was enhanced (Table 2 ). In 12-36-hr-old animals, CO, production was increased for all the studied precursors except glutamate. This increase resulted from an augmentation of the conversion rate, whereas the distribution pool remained unchanged. In 3-weekold rats, the CO, production was markedly increased for all substrates. However, this increase was smaller for alanine than for other amino acids. It appeared that glutamate and alanine were metabolized to a comparable extent during this period. Leucine oxidation was smaller and phenylalanine was practically not metabolized into CO,. A similar evolution was observed in glucose metabolism; a ;ignificant augmentation of oxidation occurred in 12-36-hr-old animals as c o m~a r e d with earlv neonate, and a 15-fold activation between the 12-36-hr and 3-weekold animals. The magnitude of these augmentations was higher than the mean increase of amino acid oxidation observed during this period.
Results are expressed as nanomoles of precursor incorporated into protein per g tissue (wet weight) o r ml plasma during 1 hr (Fig. 1) .
In 12-36-hr-old rats, essential amino acids (phenylalanine and leucine) and alanine were incorporated into protein to a greater extent than glutamate. In 3-week-old animals, the yield of incorporation had the same magnitude for glutamate, alanine, and leucine, whereas phenylalanine exhibited the greatest incorporation rate into plasma proteins.
Absolute values of incorporation in 3-week-old rats, as compared with 12-36-hr-old newborn animals, were identical for glutamate and leucine, increased for phenylalanine, and diminished for alnnine. It may be noticed that incorporation rates had the same extent in the different studied tissues.
These results can be related to the catabolism of amino acids into CO, (Table 3 ). This incorporation to oxidation ratio was higher than or equal to 1 in 12-36-hr-old animals with essential NS 'Results are expressed as mean percentage t 1 SD of injected precursors metabolized into CO, during the first hour following injection at different times after birth. Numbers in parentheses represent number of animals. The injected amounts of precursors were respectively 2000, 150, 100, 50, and 25 nmol for glucose, alanine, glutamate, leucine, and phenylalanine. Values expresscd as nanomolcs are the mean of incorporation observed in different tissucs.
amino acids but fcll to 0.25-0.07 with alanine and glutamate. In 3-week-old rats, ratios were smaller than in 12-36-hr-old newborns; the observed values were vcry low except for phenylalanine. An increase of conversion into CO, was responsible for this diminution, whcreas the amino acid incorporation into proteins remained constant.
DISCUSSION
In adult animals, metabolic supply is principally provided by glucose and lipids under normal conditions. During starvation, amino acids are converted into carbohydrates via transaminases and gluconeogenesis, and thus utilized for energy requirement. 1.t is generally admitted that during intrauterine life the major oxidative fuel for fetus is glucose, whereas amino acids are incorporated into proteins. Small energetic stores are accumulated in liver and brown adipose tissue during the last days of pregnancy. At birth these endogenous reservEs are rapidl; exhausted and a transient hypoglycemia appears during the first hours following birth. Then, the neonate is supplied with a high fat diet (milk), whereas amino acids support gluconeogenesis. This view is in good agreement with the elevated plasma amino acid concentration observed in neonate (7) . In addition the liver PEPCK activity increases as soon as thc sccond hour of extrautcrine life (6, 16) .
In the present study, the in vivo amino acid catabolism was measured in early newborn rats: ( I ) before enzymatic and metabolic adaptation to the cxtrauterine life (0-and l-hr-old animals) the oxidative metabolism remained constant except for glutamate; ( 2 ) during this adaptation (12-36-hr-old animals) a significant increase appeared for alanine and leucine; (3) in weanling rats (3-week-old animals) an important activation of the oxidative processes was observed for amino acids as for glucose.
The nonessential amino acids, glutamate and alanine, showed a greater oxidative catabolism (14C0, production) than essential amino acids. During the whole study period, phenylalanine incorporation into proteins was higher than its oxidation, whereas the incorporation to oxidation ratio dccreascd in 3-week-old animals for leucine, alaninc, and glutamate. This diminution resulted from an increased oxidation associated with a nearly constant incorporation.
The conversion of amino acids into CO, has been investigated in bovine lens (19) , muscle (4, 8) , and liver slices (20) and in intact 4-month-old animals (10). The greatest difference observed with our study was in lcucine conversion to CO,; the major site of leucine catabolism is muscle, where the only known degradative pathway of branched amino acids is localized (5, 15) . In our study, the 14C0, production is measured in vivo and represents the total amount of tissue metabolism.
In newborn rats (1-hr-old and 12-36-hr-old animals), leucine metabolism was increased 4-fold as compared with 0-hr animals. However, the most important augmentation of CO, conversion occurred in 3-week-old animals. This increase might be related to the muscle erowth and to an enzvmatic develo~ment of required t r a n s a h m e . Phenylalanine chtabolism was'low since birth. However, one of the degradative enzymes, phenylalanine hydroxylase, is present on the first day after birth (11) and plasma concentration of phenylalanine is 0.067 mM (12) . Transaminase acting on alanine and glutamate are present in the early newborn rat and can initiate the catabolism of these amino acids (3, 17, 22) .
Yeung and Oliver (22) concluded that transaminases played an important role in gluconeogenesis. In this study, amino acid catabolism confirms this view with some adjustments: ( I ) leucine degradative pathway appears later than glutamate and alanine oxidative processes; ( 2 ) the degradative pathway seems of minor importance for phenylalanine, whereas the predominant metabolic fate is macromolecule synthesis (this latter result obtained in newborn rat might be of interest in human phenylketonuria if transposable to the infant; the dietary intake of phenylalanine must just balance the incorporation needs); (3) in addition, during the earliest stages (0 and 1 hr after birth), when PEPCK activity has not yet developed, amino acid catabolism may occur directly without conversion into carbohydrate through gluconeogenesis.
In a recent study about hepatic amino acid utilization, White and Miller (21) concluded that 14C0, expiration tended to decline with age for alanine and leucine. However, their kinetics showed that I4CO, production was higher in 19-day-old animals than in 3-day-old newborns when measured during the first hour following injection. Our results support these data for 1-hr experiments but we cannot make conclusions for longer experiments.
If we refer to the distribution pool of glucose and amino acids, glucose appears to be the major fuel utilized by the newborn rat for its energetic needs. However, during the first.hours of extrauterine life, the relative part of amino acids in the energy production, estimated by the CO, production, is important. It is of interest in species showing a delayed PEPCK development, e . g . , the human neonate (14) ; amino acid oxidation may be considered as a transient pathway of energy supply. This participation diminishes in weanling animals when the young rat provides itself with a carbohydrate-rich diet.
CONCLUSION
Amino acids are utilized by newborn animals for energy s u p ply, either directly or after carbohydrate conversion through gluconeogenesis. During the first 2 hr after birth and before gluconeogenesis activation, the energy production from glutamate and alanine is not negligible when compared to glucose oxidation. This finding suggests that glutamate and alanine , might be oxidized directly by neonates. On the other hand, leucine and phenylalanine are not metabolized.
In suckling and weanling rats, the relative importance of glutamate and alanine as energetic fuels decreases. Leucine degradative pathway appears in 3-week-old rats, in contrast to phenylalanine metabolism, the oxidative process rcmains of minor importance compared with its incorporation rate into maeromolecules. This result may be interesting in regard to a human metabolic disease: phenylketonuria.
